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Xerophytic grasslands at different altitudes in Colorado 


FRANCIS RAMALEY 


(WITH TWO TEXT FIGURES) 


The first comprehensive study of xerophytic grassland in 
Colorado was reported by Shantz (16) for the mesas at Colorado 
Springs. Later the same author (17, 18) published articles dealing 
with grasslands of the plains. Important work in the Pikes 
Peak region has been done by Clements (1, 2) and by Schneider 
(15). During the past few years the present writer (6, 7, 8, 9, 10, 
11, 12) has published a number of papers dealing with dry grassland 
of the montane zone at Tolland, Colorado. In a contribution 
devoted chiefly to successions from marsh vegetation Robbins 
(14) also has given some points on dry grassland at Tolland. 
A rather brief but very clear and definite account by Vestal (20) 
of foothill grasslands, chiefly near Boulder, is included in a survey 
by him of the various associations of the foothill zone. An 
earlier paper by the same author (19) characterized the grasslands 
of the plains in the same locality. Fuller (3) has recently made 
a comparison of the dry grassland at Tolland with black soil 
prairie in Illinois. 

Up to the present time there is no printed comparison of 
xerophytic grasslands at different altitudes in Colorado. Since 
these communities occur in large or small stretches all the way 
from the plains to alpine heights it is evident that very decided 
ecological and floristic differences must exist. These differences 
it is the aim of the present paper to report. Observations have 
been made on some of the areas for ten seasons. Certain localities 
have, however, been visited only a few times. During the prog- 


(The BULLETIN for January (46: 1-36. pl. 1, 2) was issued January 20, 1919.) 
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38 RAMALEY: XEROPHYTIC GRASSLANDS AT 


ress of the work a large collection has been accumulated which is 
kept as a special “dry grassland herbarium.’’ Air temperature 
records have been kept for the growing season at Tolland (8,889 
ft.) and these have been compared with reports from the govern- 
ment stations at Boulder (5,340 ft.) and at Corona (11,660 ft.). 
Soil temperatures have been carefully studied at Boulder and at 
Tolland, while occasional records have been made in the higher 
altitudes. The present work does not in any sense cover the whole 


( 


Fic. 1. Map of Colorado showing general geographic features. The Conti- 
nental Divide extends in a zig-zag course north and south. The foothills at the moun- 
tain front are indicated by the series of horizontal lines. Boulder and Tolland are 
to the northwest of Denver. 


of Colorado (Fic. 1) but merely the area tributary to the Uni- 
versity at Boulder and the Mountain Laboratory at Tolland. 
Field work has been done chiefly in a rectangle about 40 miles 
east and west and 30 miles north and south with altitudes from 
5,000 to 14,000 feet above sea level (Fic. 2). 

In the following synopsis of xerophytic grasslands, descriptions 
are omitted because these are available in the writings of Shantz, 
Vestal, Pound and Clements (5), and the writer. Nichols’s (4) 
exposition of ecological concepts has been followed in choosing 
names for the different communities. The nomenclature of species 
is that of Rydberg (13). 
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SYNOPSIS OF XEROPHYTIC GRASSLANDS IN NORTHERN 
CoLorapo! 


A. Associations of mixed character belonging to the plains 
region; not clearly dominated by grasses or sedges: 
1. Gutierrezia-Artemisia Association. 
2. Plains Ruderal Association. 
3. Chrysothamnus Association. 
4. Artemisia filifolia Consociation (of the Sand Hills Mixed 
Association). 


B. Associations dominated by sedges; mountain communities 
not represented on the plains (Ramaley, 11): 
5. Carex stenophylla Grassland Association ; foothills and montane. 
6. Carex Rossii Grassland Association; montane and subalpine. 
7. Carex siccata Grassland Association; montane and subalpine. 
8. Carex elynoides Grassland Association; subalpine and alpine. 


C. Associations of the Mixed Dry Grassland Type: 


9. Inceptive Dry Grassland Association of the Foothill Zone 
(the Foothills Primitive Grassland of Vestal, 20). 

10. Derivative Dry Grassland Association of the Foothill Zone 
(the Foothills Mixed Grassland of Vestal, 20). 

11. Inceptive Dry Grassland Association of the Montane Zone. 

12. Derivative Dry Grassland Association of the Montane Zone. 


D. Associations dominated by one or a few species of grasses: 


13. Short Grass Association; plains and mountain front; domi- 
nated by Bouteloua and Bulbilis. 

14. Wheat Grass Association, mountain front chiefly; dominated 
by Agropyron Smithu. 

‘ 15. Andropogon Bunch Grass Association; plains and mountain 
front. 

16. Porcupine Grass Association; plains and foothills, occasionally 
montane; dominated by Stipa. 

17. Sand Hills Mixed Association; plains; dominated by Cala- 
movilfa and Andropogon. 


1It is often difficult to decide just what communities should be included as 
“‘grassland."" The writer omits lichen and mat associations, since they have almost 
no grasses or grass-like plants. Communities in which shrubs dominate are excluded; 
these are best known as ‘“‘scrub."" The Prairie Grass Association (of Vestal) is not 
included, as it is mesophytic. 
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18. Festuca Bunch Grass Association; montane; dominated by 
tall cespitose species of Festuca. 

19. Muhlenbergia-Danthonia Consociation (of the Derivative 
Dry Grassland Association of the Montane Zone). 


Fic. 2. Map of that part of Colorado readily studied botanically from the 
University of Colorado at Boulder and from the Mountain Laboratory at Tolland. 
Contour lines are shown for 5,000 ft., 6,000 ft., 8,500 ft., and 11,000 ft. The moun- 
tain front is at about 6,000 ft. 


THe Mixep Dry GRASSLAND TYPE 


The term ‘Mixed Dry Grassland,” as used by the writer, in- 
cludes all mountain grasslands of mixed character, growing gener- 
ally in coarse-grained soil. In the preceding synopsis the com- 
munities numbered from 8 to 12 inclusive belong here and also 
Nos. 1 and 19. Early stages of the Short Grass Association, No. 
13, are also of the Mixed Dry Grassland type. The Porcupine 
Grass Association, No. 16, when it occurs in montane situations 
may resemble ordinary montane dry grassland, and the Festuca 
Bunch Grass Association, No. 18, is, in places, not so very dif- 
ferent. Indeed, any of the grassland associations of the mountains 
may belong to this general type. 

While there is no difficulty in recognizing inceptive and deriv- 
ative stages of the various dry grasslands the species concerned 
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are much the same. Thus, in the montane area, practically all 
the species present in the early stages persist throughout; the 
relative proportions change, however, and more species enter the 
association as the soil becomes finer grained and as humus accu- 
mulates. 

Occurrence of these grasslands is wide spread. In the lower 
part of the foothill region typical vegetation is a coniferous 
savanna. In the interspaces between trees there is dry grassland. 
Many intervales, locally known as “‘parks,’’ are almost entirely 
without trees. In both foothill and montane areas many stream 


terraces, alluvial fans, and south-facing hill slopes support dry 
grassland. In the subalpine zone conditions for forest develop- 
ment are more favorable, and grassland is likely to be confined 
to burned areas or to wind-swept south exposures. 


ENVIRONMENTAL INFLUENCES 


The stations where most of the collections were made, with 
their altitudes, are as follows: 


Boulder, 5,340 ft.; mountain front, mesa area. 
Crescent, 7,457 ft.; lower foothills. 
Rollinsville, 8,367 ft.; upper foothills. 
Sulphide, 83508 ft.; upper foothills. 
Smartweed Lake, 8,420 ft.; upper foothills. 
Tolland, 8,889 ft.; montane. 

Bryan Mountain, 11,000 ft.; subalpine. 


Boulder, Crescent, Sulphide and Bryan Mountain are in Boul- 
der County; Rollinsville, Smartweed Lake and Tolland are in Gil- 
pin County (see Fic. 2). Many other stations through both of 
these counties have been visited. 

The soil of all the dry grasslands is disintegrated rock, rather 
coarse grained, often with pebbles and boulders. It readily 
permits penetration of rain water but it dries quickly. As shown 
in a previous paper (10) the water content is low, averaging about 
7 per cent, but the wilting coefficient is correspondingly low, 
about 5; figures being for 3 dm. depth. The soils warm up quickly 
through direct insolation and show a higher temperature than the 
air. Floristic differences in the dry grasslands do not depend on 
soil quality for this is much the same in all, but rather on air 
temperature (TABLE I), soil temperature (TABLE II), and pre- 
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TABLE I 
MEAN TEMPERATURES IN DEGREES FAHRENHEIT. THOSE AT TOLLAND AND BRYAN 
MOUNTAIN ARE ESTIMATED, EXCEPT FOR JULY AND AUGUST AT TOLLAND 


Boulder 5,340 ft. Volland 8,88 ft. Bryan Mt. 11,000 ft. 
56 42 35 
70 55 48 
eee 64 40 39 
TABLE II 


SOIL TEMPERATURES IN DEGREES FAHRENHEIT OF DRY GRASSLAND AT THREE TYPICAL 
ALTITUDES; NUMEROUS OBSERVATIONS AT 3 DM. DEPTH 


Boulder 5,340 ft. Tolland 8,889 ft. Bryan Mt. 11,000 ft. 
55 
64 58 52 


Note.—Since readings of soil temperature were taken in the daytime they are 
somewhat above the true average. Data for Bryan Mountain are rather fragmen- 
tary and figures may have to be revised later. Probably the May soil temperature 
at Bryan Mountain is very low, close to freezing in the early part of the month. 


cipitation. The mean annual rainfall at Boulder is 18 inches, at 
Tolland probably 28 inches, and at Bryan Mountain it can safely 
be estimated at 38 inches. April is the wettest month at all the sta- 
tions. At the higher altitudes the greater rainfall and cooler tem- 
perature make the grasslands more mesophytic than those of plains 
and foothills. 
SYSTEMATIC LIST OF SPECIES 

A list of the species characteristic of xerophytic grasslands at 
various elevations is given below. Only spermatophytes and 
pteridophytes are recorded; lower plants, aside from parasitic 
fungi, are almost entirely unrepresented in dry grassland. It is of 
importance to note that in montane and subalpine situations, due 
to the more congenial climatic features mentioned above, a num- 
ber of species, which in the lowlands are confined to moister soil, 
may be regular components of dry grassland. This distinction 
is brought out in the list: the letter x signifies that the species is 
present in dry grassland at that altitude; the letter 0 means that 
the species is found in moister places rather than in dry grassland 
at the altitude indicated. The letter s means that the species 
occurs at the altitude named, but only in special situations (where 
warm or protected) and is not a true component of dry grassland. 
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Sub- | Mon- | Upper | Lower | Moum- 
alpine tane foothill | foothill | front 

| | 

Selaginellaceae 

Poaceae 
Blepharoneuron | - x x - - 
Bromus brizaeformis (introduced)............ — - - | - x 
Calamagrostis purpurascens... x zs | - 
x - | - - 

x x x | - x 
Hingis . | - s x x x 
$3 | - x x 
Richardsomis. - x x 
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Sub- Mon- Upper Lower 
alpine tane foothill foothill 
Poaceae—conlinued 

Schedonnardus paniculatus x x 

Schizachyrium scoparium.... x x 

Sitanion elymoides.... x x x x 

Sporobolus asperifolius..... x 

heterolepis....... 4 x 

Stipa comata x x x x 

x x 

Nelsonti x x x 

“ Tweedyi... x x 

viridula. x x x x 

Trisetum majus..... x 
subspicatum x - 
Cyperaceae 

Carex elynoides. . x x - 

 heliophila. . x x x x 

 oreocharis . x x x o 
“Rossii. . x x 

 siccata. x x 
 xerantica x x x x 

Melanthaceae 

Anticlea elegans. .... x o o 

Toxicoscordion gramineum .... - x x 
Juncaceae 

Juncus ater. - x x o o 
Alliaceae 

- x x x x 
Liliaceae 

Leucocrinum montanum...... x x 

Lloydia serotina...... x 
Dracaenaceae 

Calochortaceae 

Calochortus Gunnisonii...........-- x x o o 
Polygonaceae 

Eriogonum x x x 

Polygonum x x x x 
Chenopodiaceae 

Chenopodium x x x 
Nyctaginaceae 


— 
, 


DIFFERENT ALTITUDES IN COLORADO 45 


Sub- | Mon- | Upper | Lower om 


alpine | tane | foothill | foothill | gone 


Corrigiolaceae 
Alsinaceae 
x x - - 
Cerastium Beeringianum ............. ins x ~ 
- x x x 
Caryophyllaceae 
Silene acaulis....... x ~ - 
Ranunculaceae 
Delphinium Penardii.......... 
Pulsatilla ludoviciana.......... x o o o 
Papaveraceae 
Brassicaceae 
Cheitrinia aspera....... - x x 
oblanceolata .......... x x x x 
ci Wheeleri x x x 
Lepidium densiflorum...... x x x 
Lesquerella montana............ aaes - x x x 
Thlas pi coloradense.............. x x x x x 
Crassulaceae 
Sedum stenopetalum x x x x x 
Saxifragaceae 
Micranthes rhomboidea............. x x x oO o 
Rosaceae 
Drymocallis glandulosa ....... x x x x 
Potentilla concinna............. vee x x - 
effusa..... - x x x x 
strigosa. . x x x x 
Fabaceae 
Aragallus albiflorus..... x x x 
x x x x 
Astragalus sulphurescens.......... - x x - - 
Geoprumnon succulentum...... : x x 
Homalobus flexuosus......... x x x x 
Petalostemon oligophyllus........... x 
Psoralea argophylla......... - x 


| 

| | 
| 
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Moun- 


Fabaceae—continued 
Tium Drummondii 
Xylophacos Parryi 

Purshii. . 

Shortianus. . . 

Geraniaceae 
Geranium Fremontii..... . 

Linaceae 
Linum Lewisti 


Euphorbiaceae 

Tithymalus robustus....... 
Malvaceae 

Sphaeralcea coccinea... 
Violaceae 

Viola Nuttallii.... 


Cactaceae 


Coryphantha missouriensis. . . 


radiosa...... 
Opuntia fragilis...... 
 polyacantha. .. 
Onagraceae 
Gaura coccinea........ 
Meriolix serrulata 


Ammiaceae 
Cogswellia macrocarpa. . 
orientalis... 
Harbouria trachy pleura 
Musineon divaricatum..... 
pedunculatum... 
Oreoxis alpina 


Pseudocymopterus tenuifolius........ 


Primulaceae 
Androsace diffusa 


occidentalis. .... 
subumbellata... . 


Gentianaceae 
Dasystephana Bigelovii.... 
Tessaranthium steno petalum 


Asclepiadaceae 
Acerates angustifolia...... 

viridiflora........ 
Asclepias pumila......... 


Polemoniaceae 
Collomia linearis....... 
Gilia scariosa..... 


+ 
Phlox multiflora........... 
Polemonium confertum.... . 


Mon- Upper Lower tain 
tane foothill foothill | gone 
x x 
x x 
x x 
- x x x 
s x x x 
x x x 
x x x x 
s X x x 
x Xx 
x x 
x x x 
- x x x 
- a x x 
- x x 
~ x x 
x x 
~~ - x x 
- x x 
x x 
x x 
= x x x 
x x 
x 
x x - 
- x x = 
- x x 
x = 
x x 
x x x Oo 
~ x 
x 
- x 
x x 
~- x x 
x x xs 
on x 
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Sub- Mon- | Lower 
alpine tane foothill foothill) font 
Hydrophyllaceae 
Boraginaceae 
Onosmodium - - - x 
Verbenaceae 
Lamiaceae 
Scrophulariaceae 
Plantaginaceae 
Rubiaceae 
Santalaceae 
Campanulaceae 
Ambrosiaceae 
Carduaceae 
Antennaria anaphaloides................000.- x | & x ~ ~ 


* The species of Chrysopsis are difficult of separation and it is possible that what 
the writer has separated as C. asprella and C. hispida should be combined, also that 


those listed as C. foliosa and C. villosa are a single species. 
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Sub- Mon- | Upper | Lower - 
alpine tane | foothill | foothill front 
Carduaceae—continued 
Chrysopsis fulcrata. . x x x 
his pida x x 
villosa ...... x x x 
Cirsium undulatum.... x x 
Coreopsis tinctoria..... x 
Erigeron canus x 
com positus ... x % x 
divergens...... s x x & 
flagellaris x x x x 
Gaillardia aristata... . x x o o 
Grindelia erecta... . x x 
perennis | « 
squarrosa.... x x x 
subalpina. . x x 
Gutierrezia Sarothrae . x 
Helianthus petiolaris. . . x x 
Hymenopappus fiifolius x x 
Kuhnia glutinosa..... ~ - x 
Laciniaria punctata.. . ; - - x x 
Machaeranthera aspera... - x x 
x x - 
viscosa x x - 
Ratibida columnifera. . - x 
Senecio oblanceolatus . x 
perplexus. . x x o o 
 plattensis... x 
 spartioides . - x x 
werneriacfolius . . . x o o 
Sideranthus spinulosus....... - - - x 
Solidago concinna.... x 
decumbens... . x x 
missouriensis - x x x 
oreophila..... - x - 
Tetraneuris acaulis. . x 
lanigera. . x 
Tonestus pygmaeus... ‘5 x 
Townsendia exscapa. . - x 
grandiflora 
Cichoriaceae 
Agoseris glauca. ..... x x 
Lygodesmia juncea - | x 


FLORISTIC DIFFERENCES OF DRY GRASSLANDS AT DIFFERENT 
ALTITUDES 


The foregoing systematic list gives in brief form the chief 
facts of altitudinal distribution of the various species in the dry 


grasslands. At the mountain front, i. e., on the mesas and mesa 
terraces, there are 160 species. In the lower foothills this number 
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is reduced to 139, in the higher foothills to 130, in the montane 
area to 107, and in the subalpine area to 50. It will be seen that 
there is a reduction in species roughly corresponding to increase 
of altitude. But the change from the montane dry grassland 
(at Tolland) to the subalpine dry grassland (at Bryan Mountain) 
is very abrupt. 

It is sometimes difficult to decide whether a given species is 
to be included as properly belonging to a certain grassland. The 
attempt has been to exclude stragglers and accidental members, 
in other words to keep the lists reasonably small. 

While the systematic list tells what particular species are 
found at the various stations it gives little idea of the true ap- 
pearance of each grassland area. At the mountain front, as 
already noted, there is a great variety of plants. The average 
height of the vegetation is taller than elsewhere; many of the 
grasses and other plants are 3-6 dm. tall, and some are taller. 
Certain species are conspicuous which either do not occur at all 
higher up or else are infrequent, as, for example, Agropyron spi- 
catum, the Andropogons, Bromus brizaeformis; Yucca glauca, the 
Delphiniums, the Petalostemons, Tium Drummondii, the various 
Cactaceae, the Gauras, Helianthus petiolaris, Laciniaria punctata, 
and Ratibida columnifera. 

At Tolland the number of species is still large but a certain 
few are especially abundant and dominate wide areas, as, for 
example, the following: Mertensia Bakeri, which flowers in May; 
Aragallus Lambertii, which flowers in early July; Sedum stenope- 
talum, in mid-July; Campanula petiolata and Orthocarpus luteus, in 
August. The average height of vegetation in midsummer is 2-3 
dm. Grasses and sedges are abundant, especially where the soil 
has considerable humus. Here the dry grassland becomes what 
the writer calls the Muhlenbergia-Danthonia Consociation (of the 
Derivative Dry Grassland Association of the Montane Zone.) 

The dry grassland at Bryan Mountain (Carex elynoides Associ- 
ation) has a rather striking appearance because of the tufted 
masses of the dominant plant. This is, however, of low growth 
and the association does not look at all like the bunch grass asso- 
ciation of the plains. Conditions are somewhat mesophytic on 
account of low temperature and frequent showers, so that many 
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of the plants recorded as belonging to the dry grassland would 
also be included in a list of mesophytes. One-third of the species 
are grasses. 

The systematic list includes a total of 256 species in 131 
genera and 35 families. The families best represented with the 
number of genera and species in each are shown below: 


I 9 16 
Polygonaceae......... 7 6 8 
Boraginaceae.......... 3 8 


Only 5 species range the whole distance from mountain front 
to subalpine zone. Of the 50 species at Bryan Mountain 29 
extend down to Tolland and only 5 to the mountain front at 
Boulder. Of the 160 species at Boulder 40 range up to Tolland 
and 5 continue to Bryan Mountain. Floristically, then, the dry 
grasslands at Boulder and at Bryan Mountain are almost totally 
different, while a very considerable similarity exists between those 
of Boulder and Tolland and of Tolland and Bryan Mountain. 


SUMMARY 


The foregoing paper is based upon a study of grasslands in 
northern Colorado from the plains to the subalpine zone. A list 
is presented of all recognized xerophytic grassland communities 
in northern Colorado. From this list the author selects for com- 
parison those of the ‘‘mixed dry grassland type.’”’ Environmental 
influences, the soil, temperature and rainfall are considered; the 
very low air and soil temperatures of the subalpine region being 
noted. To show floristic changes with altitude a systematic list 
of dry grassland plants is printed and the altitudinal distribution 
of each species indicated. At the mountain front there are 160 
species in the dry grassland, while the numbers at other stations 
are as follows: lower foothills 139, upper foothills 130, montane 
area 107, subalpine area 50. Of the last named nearly one-half 
are strictly high-altitude forms which do not extend down even 
to the montane zone. It is pointed out that a number of species 
belonging to moister situations in the lowlands are able to enter 
dry grasslands of higher altitudes because of lower temperature 
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and greater rainfall there. A brief statement is made of differ- 


en 
lis 
of 


ces in the grasslands not at once apparent from the systematic 
t. Floristically the dry grasslands of the mountain front and 
the subalpine zone are almost totally different, but considerable 


similarily exists between those of the mountain front and of the 
montane zone. 
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Additions to the flora of Colorado 


Geo. E. OSTERHOUT 


1. Nuttallia hastata sp. nov. 


Biennial, 4-8 dm. high, scabrous throughout as other like 
species of the genus, branched from the upper half, or even lower, 
the branches strict and somewhat fastigiate, flowers from the 
ends of the stem and branches, somewhat cymous; lower leaves 
narrowly linear, 5-10 cm. long, sinuate and bluntly dentate, 
tapering to a petiole, upper leaves linear-hastate, attached by a 
broad base, deeply dentate with sharp teeth, acuminate; flowers 
white, petals eight to ten, about 2 cm. long, the alternate ones 
smaller and more pointed, but seldom anther-bearing; capsules 
variable in length, the longer ones about 3 cm. long, four- to five- 
angled, usually a pair of bracts at the base; seeds under a good lens 
thickly and evenly papillose, wing-margined. 

I have collected Nuttallia hastata at different times in several 
localities in Colorado, North Park, Middle Park, and Glenwood 
Springs, and not far from Jelm Post Office, Wyoming, by the road- 
side, on the east side of the Laramie River. The specimens which 
I have selected for the type were collected near Walden, North 
Park, Colorado, August 6, 1918, No. 5796. It does not closely 
resemble N. nuda (Pursh) Greene or N. stricta (Osterhout) Greene, 
but is what I suppose has been classified as N. Rusbyi (Wooton) 
Rydb. among the Colorado species. The flowers, however, are 
white, not yellow; and the capsule is angled, not cylindrical. 
Professor Wooton, in the original description of N. Rusbyi, 
observed, ‘‘stigma three-parted,’’ but this is characteristic of a 
number of species, perhaps of the genus. 

There is a peculiarity in the species of Nuttallia in that the 
flowers do not hold their color in the dried state. In the ‘Flora 
of the Rocky Mountains and adjacent plains,’”’ Dr. Rydberg says 
of the white flowered species, ‘petals straw-colored,”’ and this is 
their appaerance by the time they usually reach the herbarium, 
but at the time of opening they are white, as far as I am acquainted 
with them, pure white. 
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2. Phacelia formosula sp. nov. 


Biennial, 1.5-2 dm. high, stem single and upright,,the flowering 
branches from near the top, or more commonly branched from 
near the base, the assurgent branches almost equaling the main 
stem, densely pubescent and somewhat hispid, becoming more 
glandular and hispid above; leaves lanceolate, or some of them 
oblanceolate, in outline. 5-7 cm. long pinnate with leaflets 5—10 
mm. long, 3-5 mm. wide, entire or toothed, a terminal portion 
lobed or pinnatifid, not much enlarged, hispid with rather short 
hairs, the upper more glandular; inflorescence of several branches 
of two-ranked scorpoid racemes becoming 3-5 cm. long, corolla 
blue, its lobes rounded and entire, the filaments and style long- 
exserted; mature capsule the length of the calyx lobes, or very 
nearly so, 4 mm. long, four-seeded, the seeds 2.5 mm. long, rounded 
on the back, foveolate, the hollowed ventral side with a salient 
ridge lengthwise through the middle, the edges rounded. 

I am indebted to Mr. J. Francis Macbride of the Gray Her- 
barium for the information that Mr. C. F. Baker’s No. 758, col- 
lected at Ouray, Colorado, in 1901, is the original specimen from 
which Phacelia Bakeri (Brand) F. Macbr. was described. It is 
possible that P. formosula may be considered as closely related to 
P. Bakeri, which Dr. Rydberg has made a synonym of P. glandu- 
losa Nutt., or may be it might be considered the same species. 
But P. formosula is a rather smaller plant, the leaves are smaller, 
the hispid pubescense is not so coarse, the calyx lobes are narrower, 
and the capsule is smaller and shorter pediceled. The difference 
is also notable in the character of the seeds. Dr. Gray, in the 
Synoptical Flora of North America, observed of the group in which 
P. glandulosa is placed, “seeds oblong or elliptical, flatter and thin- 
ner’’ than those of the group in which P. crenulata Torr. is placed, 
and it might be added that their edges are surrounded by a thin 
flat margin. P. formosula has ‘‘seeds with excavated ventral 
face divided by a salient ridge,’” and rounded edges, like those of 
P. crenulata or P. corrugata A. Nels., except that they are not 
corrugated on the edges. The seeds are like those of P. splendens 
Eastw., only smaller. 

The only locality from which I have P. formosula is North 
Park, Colorado; and the type specimens were collected near 
Walden, along the road descending to the Michigan Creek, 
August 6, 1918, No. 5794. 
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3. Oreocarya monosperma sp. nov. 


Biennial or short-lived perennial, stem single or several from 
the crown of the root, 2-3 dm. high, hispid with coarse spreading 
hairs and a finer pubescence beneath, branching from about the 
middle into a_ thyrsoid-paniculate inflorescense; lower leaves 
oblanceolate, obtuse, with the petiole 3-8 cm. long, about a cm. 
wide, becoming smaller upward, sessile, very hispid on both sides, 
the coarse hairs pustulate at base, a fine indument beneath; 
caylx lobes narrowly linear, in fruit becoming 8—9 mm. long, hispid 
and pubescent as the stem; corolla white, the tube the length of 
the calyx lobes, 4 mm. long, the anthers attached at the throat, 
filaments almost none; nutlets, only one maturing, ovate, mar- 
gined, the margin upturned, slightly more than 3 mm. long, 
lightly cross-ridged, and tuberculate between the ridges. 

Oreocarya monosperma in appearance is much like O. thyrsiflora 
Greene; the two plants are about the same size, but the thyrsus 
is not so long in comparison with the stem; the nutlets are darker 
in color, ridged more, and less tuberculate, one instead of four. 
Collected at Trinidad, Las Animas County, Colorado, July 20, 
1918, No. 5754. 


4. Mertensia Clokeyi sp. nov. 


Stem slender, 2.5—3 dm. or occasionally 4 dm. high, glabrous 
or thinly appressed pubescent, branching from the upper third 
into a loose paniculate inflorescense, the peduncles often long and 
the flowers clustered at their ends; leaves rather remote on the 
stem, the lower narrowly linear, 3-4 cm. long, 3-4 mm. wide, the 
upper lanceolate, or narrowly ovate-lanceolate, acuminate, all 
sessile by a broad base, pubescent on both sides, the upper thinly 
with appressed, sharp pointed hairs, the lower less appressed; 
pedicels strigose pubescent, calyx 3.5 mm. long, the lobes 2.5 mm., 
lanceolate, glabrous, the edges ciliate; corolla 10-11 mm. long the 
tube half the length; filaments long, about the width of the anthers. 

Mertensia Clokeyi was collected by Mr. Ira W. Clokey, of 
Denver, at Lake Eldora, Boulder County, Colorado, in woods, 
altitude 9,300 ft., No. 3161. It belongs to the M. lanceolata 
group. The leaves are pubescent on both sides, the pedicels 
strigose, and the calyx glabrous, except the ciliate edges of the 
lobes; in these respects it is like Mertensia media Osterhout, but 
the leaves are much broader and different in shape. 
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5. Agoseris frondifera sp. nov. 


An acaulescent perennial, the scape occasionally bearing a 
leaf, and usually two large leafy bracts at the base of the involucre, 
1-2 dm. high, glabrous except for the tomentum at the base of 
the involucre and some slight tomentum on the stem, mainly at 
the base; leaves narrowly oblanceolate, from 1 dm. to almost 2 
dm. long, glabrous but not glaucous, entire or with several narrow 
lobes 1-2 cm. long; involucral bracts 2 cm. high, in three series, 
the inner narrow and scarious-margined, the outer broad, ab- 
ruptly acuminate, longer and covering the inner, with a long 
tomentose pubescence especially on the margins; rays yellow; 
achenes striate for 8 mm., the beak 6 mm. long, the pappus white, 
10 mm. long. 

Agoseris frondifera is related to A. montana Osterhout; the 
bracts are like that species, and occasionally A. montana bears a 
leaf on the scape. It isin every waya smaller plant than A. mon- 
tana, and the leaves are narrower. It was collected by Mr. Ira 
W. Clokey of Denver, as his label reads, at Camp Pitts, Boulder 
County, Colorado, in woods, altitude 9,600 ft., August 16, 1918, 
No. 3114. 

6. ONOPORDUM TAURICUM Willd. 


On July 22, 1918, I stopped for a few minutes at the Green- 
horn Post Office in Pueblo County, Colorado, and across the road 
from the post office, growing in abundance along a little ravine 
was what I took to be some European Cirsium. The heads of 
purple flowers made an attractive showing. Mr. J. Francis Mac- 
bride of the Gray Herbarium identified it as O. tauricum Willd. 
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The sporadic appearance of non-edible mushrooms in cultures of 
Agaricus campestris 


MICHAEL LEVINE 


(WITH PLATES 3-5) 


In studying the culture and development of Agaricus cam- 
pestris during the winter and spring of 1916-1917, I visited some 
of the largest establishments of commercial mushroom growers 
in the East and thus have had an opportunity to study the fleshy 
fungi, other than the commercial varieties of Agaricus campestris, 
which appear sporadically in the mushroom beds. A number of 
such types for this country have been recorded by Peck* and others, 
The appearance, in the beds of one of the largest mushroom 
growers in New York City, of great numbers of Panaeolus veneno- 
sus, a Very poisonous mushroom recently described as a new species 
by Murrill,t furnished material for the special study of its phy- 
siological and toxicological properties and I have published my 
results along this line elsewhere.t As this fungus seems quite 
dangerous I shall give here some results of observations made on 
the growth habits and describe another variety or form in which 
it sometimes occurs. 

Panaeolus venenosus Murrill (PLATE 3, FIGS. 1-8).—This species 
is of interest to mycologists, since up to the present time it has 
been found only in two widely separated mushroom houses in the 
vicinity of New York City, in beds spawned for Agaricus cam- 
pestris. The problem of its origin or occurrence in the wild state 
still remains unsolved. The plants studied were found in several 
different mushroom houses. In greenhouses which had been 
imperfectly darkened, better developed plants appeared, such as 
are shown in Fics. 2 and 6. The plants grew in small fairy rings, 
mostly one to two feet in diameter, and in the darker mushroom 
houses were made conspicuous by the markedly developed white 

*N. Y. State Mus. Bull. 157: 67-68, 73, 1911; Bull. 150: 43. 1910. 

+ A very dangerous mushroom. Mycologia 8: 186, 187. 1916. 


t The physiological properties of two species of poisonous mushrooms. Mem. 
Torrey Club 17: 176-201, pl. 7, 2. 1918. 
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tomentose bases of the stipes, as shown in Fic. 7. My observa- 
tions as to the diagnostic characteristics of the fungus agree with 
the description given by Murrill. The spore print, however, 
although blackish in general, appears to have a delicate purplish 
hue. The shape of the spores is like that of the other species of 
Panaeolus. In my spore prints there is a great number of trans- 
lucent, possibly immature spores. The following characters are 
generally present. The sporophores are 6-12 cm. tall; they are 
cespitose or gregarious. The pileus is 2—5 cm. in diameter and 
is rather fleshy. Its shape differs with the age, being campan- 
ulate in young specimens, later becoming plane and umbonate. 
The surface is moist and hygrophanous and is fulvous to isabelline 
in color (Ridgw.) when young, and dark bay when mature. In 
mature specimens the surface becomes wrinkled, as shown in FIG. 
1. The gills are adnately attached and fuliginous in color with a 
grayish white edge. The stipe is fleshy, but hollow in the center, 
and in length is approximately two to three times the diameter 
of the pileus. The surface is striate and is covered with small 
hair-like scales. The base of the stipe is, as noted above, con- 
spicuously covered with a white tomentum. 

The obviously different looking plants, shown in PLATE 4, 
FIGS. 12-14, appeared during the month of April in one of the 
greenhouses in which the floor below the benches was used for 
mushroom culture. These plants were not abundant but were 
collected twice during the month. The whole of the material 
weighed about 40 grams, most of which was used in the experiment 
to determine the physiological and toxological properties. It was 
found that the plant was poisonous in the same degree as P- 
venenosus. The sporophores in general are like those of P. veneno- 
sus but they differ materially in the length of the stipe. The 
stipe is 2-4 cm. long and 5-8 mm. thick; that is, one fifth to one 
third the size of the stipe of P. venenosus. It is striate, however, 
and is somewhat covered with hair-like scales, as in P. venenosus. 
It is hollow and tapers slightly toward the base. Its color is 
fulvous and darker at the base than the stipe of P. venenosus and 
the tomentum at the base, noted in P. venenosus, is poorly de- 
veloped and may be lacking. The taste and color are like those 
of P. venenosus. It may be regarded as a form of that species. 
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Panaeolus campanulatus L.,* which was the first member of 
this genus to be recognized as poisonous, also appeared in the 
mushroom beds. These plants appeared late, however, after the 
crop of Agaricus campestris mushroom was exhausted. The 
size and abundance of the sporophores might make them tempting 
to the uninitiated. The characteristics of the plants observed 
were identical with those already described for this species. The 
color of the pileus may be more accurately described as tilleul 
buff (Ridgw.) at the center and darker at the margin. 

Panaeolus retirugis Fr. (PLATE 2, FIGS. 9-11) was also found in 
the beds mixed in with the sporophores of Agaricus campestris. 
It was the next most common to P. venenosus. <A large number 
of these plants were collected during the month of April and they 
had been fairly common earlier. Species of Panaeolust in general 
have been regarded as suspicious, especially P. retirugis. This 
plant was studied toxicologically by Ford and I have also found 
it to be poisonous to the same degree as P. venenosus when applied 
to the gastrocnemius muscle of the trog and the vagus nerves of 
frogs and turtles. The characters of the plant, as grown in dung- 
piles and well-manured lawns, are well known and the specimens 
collected by me were fairly typical. 

The occurrence of Panaeolus campanulatus and P. retirugis 
in the mushroom beds may be accounted for by the coprophilous 
nature of these plants. It is possible that the mycelium of these 
species of Panaeolus are brought into the mushroom houses with 
the manure or introduced by flying spores in early autumn. 
The other possibility lies in the method employed for obtaining 
commercial spawn. It appears that some of the spawn makers 
in the eastern United States are following the method employed 
in England and France for obtaining a commercial spawn.{ 
This consists of making trenches in the sod, where “spontaneous”’ 
mycelium or sporophores of Agaricus campestris appear in the 


‘ 


* See MclIivaine & Macadam. One thousand American Fungi 386. 1900. 

+ See Krieger, C.C.L. Note on the reported poisonous properties of Coprinus 
comatus. Indiana. Mycologia 3: 200-202. 1911. Also Murrill,W.A. A new poi- 
sonous mushroom. Mycologia 1: 211-214. 1909. 

t See Duggar, B. M. The cultivation of the mushroom. U. S. Dept. Agric. 
Farmers’ Bull. 204; 1-25. 1911; The principle of mushroom growing and mushroom 
spawn making. U. S. Dept. Agr. Bur. Plant Ind. Bull. 85: 1-60. pl. 1-7, 1905; 
Mushroom growing 92. New York. 1915. 
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pasture, and filling them with thoroughly fermented manure. 
The vigorously growing mycelium spreads into this manure after 
several weeks. When this occurs, the manure is taken out of the 
trenches and slowly dried. This constitutes “virgin spawn,”’ 
from which the commercial spawn is made. By this method 
it is conceivable that the mycelia of a number of fungi may be 


found growing in the “virgin spawn” and be propagated in the 
commercial spawn. This at least seems to be a plausible explana- 
tion for the introduction of P. venenosus into mushroom houses. 
This is supported by the fact that the fungus appeared only 
after the beds were spawned; as mentioned above it appeared in 
two widely separated mushroom establishments, both of which, 
however, were using the spawn from the same spawn maker. How 
P. venenosus escapes observation in the field is still a question that 
remains unsolved. 

It is possible that the plant is a species of Psilocybe or Inocybe 
made aberrant by cultural conditions. Another possibility may 
be that the mycelium never has conditions in the open favorable 
to the development of sporophores but produces fruit bodies under 
cultivation only. 

Clitocybe dealbata Sow. (PLATE 2, FIGS. 15-17). <A species of 
Clitocybe which I have identified as belonging to the variable 
species known as Clitocybe dealbata also appeared. These plants 
were found in several mushroom houses in great abundance, 
growing in large clumps in the beds of Agaricus campestris. The 
Clitocybe species were found in these houses from January to 
May. 

There are three recognized varieties of Clitocybe dealbata Sow., 
namely, var. minor Cooke, var. deformata Peck, and var. sudorifica 
Peck. The var. sudorifica was later made a species by Peck. 
The essential diagnostic characteristics of these plants, as given 
by Peck follow. C. dealbata has a white, fleshy pileus with a 
wavy margin; the gills are close, thin, adnate, and white in 
color; the stipe is fibrous, equal, and stuffed or hollow. Var. 
minor differs from the typical form of the species in its smaller 


and more regular form, its opaque gills, and the pleasant farin- 
aceous odor. Var. deformata has a thin white, and very irregular 
pileus with a wavy or lobed margin; the gills are adnate or 
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slightly decurrent. C. sudorifica Peck has an irregularly shaped 
pileus which often becomes lobed; the gills are adnate and 
slightly decurrent; the pileus is watery when moist and whitish 
or grayish white when dry. This species was confused with 
C. dealbata, but the presence of sudorific properties forms a 
good basis for distinguishing them. The size of the spores in all 
these forms is approximately the same. While C. dealbata and 
its varieties are generally known to inhabit lawns and grassy 
places, the typical form of the species and the var. deformata have 
been reported growing in mushroom houses. As far as may be 
judged from the descriptions and the study of Peck’s original 
herbarium material the species and varieties are separated only 
with great difficulty, yet I believe that the specimens I found are 
more like the typical C. dealbata, although I have not studied the 
toxicological properties of the juices of these various plants. 
Ford* and his collaborators found that the juices of C. 
sudorifica were very toxic to guinea pigs and rabbits. Peck de- 
scribed earlier the sudorific effect induced by eating this plant. 
Gillott and Clark and Smith{ have recognized and studied the 
poisonous properties of other species of the genus. In view of 
the toxic properties of the members of the genus the abundance 
of this species in a commercial mushroom house is of interest. 
As in the case of Panaeolus the species may have been introduced 
into mushroom houses through commercial spawn or flying spores. 
Tricholoma melaleucum Quél. PLATE 5, FIGS. 21-23, shows a 
fungus which I found but once in the mushroom houses. The 
sporophores were discovered in an old mushroom bed. I am not 
altogether sure of its identity. There are slight discrepancies 
between my specimens and the description of this species given 
by Murrill§ (Melanoleuca melaleuca). These differences may 
perhaps be accounted for by the abnormal conditions under which 
* Ford, W. W., & Sherrick, J. i On the properties of several species of the 
Polyporaceae and a new variety of Clitocybe, Clitocybe dealbata sudorifica Pk. Jour. 
Pharm. and Exp. Ther. 2: 549-558. 1911; Further observations on Fungi, particularly 


Clitocybe sudorifica Pk., Pholiota autumnalis Pk. and Inocybe decipiens Bres. Jour. 
Pharm. and Exp. Ther. 4: 321-332. 1913. 


+ Etude médicale sur l‘'empoisonnement par les champignons. Lyon. 1900. 

t Toxcological studies on the mushrooms Clitocybe illudens and Inocybe infida. 
Mycologia §: 224-232. pl. 91. 1913. 

§ N. Am. Fl. 107: 7. 1914. 
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these plants grew. However, the description and published 
illustrations* of Tricholoma melaleucum best fit this plant. The 
sporophores I found are somewhat larger than the type described 
by Murrill, whose herbarium material I compared with my 
plants. The pileus is larger than this type and measures 3-9 
cm. in diameter, while in height the plant agrees with the 
description. The pileus is thin, convex to plane and depressed. 
The margin is lobed and may become divided into a number of 
segments as shown in Fic. 23. The color of the pileusis drab 
to light drab (Ridgw.). The gills in these specimens were not 
very white, as described by Murrill, but drab gray. The spores of 
this plant agree perfectly with those of 7. melaleucum. The 
stipe is even, although it may be enlarged at the top and at the 
base. The surface is reticulately veined as shown in FIG. 21 and 
in this respect is unlike the description. Its color agrees with the 
description. Up to the present 7. melaleucum has been reported 
as found only in woods, fields and lawns. Its habit is solitary 
and the plants found in the mushroom beds were solitary, although 
they tended to be cespitose. 

Peziza domiciliana Cooke} (PLATES 4, FIGS. 18-20). The Peziza 
shown in Fics. 18-20 is common in all the mushroom houses 
studied. It makes its appearance as early as November and can 
also be found late in the spring. The plants generally appeared 
before and during the growth of the mushrooms. I am indebted 
to Dr. Seaver for the identification. While the plants agree in 
the main with the description given for P. domiciliana, there are 
some differences. The apothecia grow singly or gregariously but 
never caespitose. The outer surface of the cup has a white 
granular appearance and the color of the hymenium is pale ochra- 
ceous salmon (Ridgw.) when young, to Dresden brown, when old, 
instead of ochraceous buff or dungy buff as given by Overholtz 
and Seaver. While the spores are ellipsoidal and hyaline when 
young, and in this agree with the description already published, 
they are slightly smaller in size. 

A considerable number of species of Coprinus appeared in the 


* See Barla. Les champignous des Alpes-Maritimes pl. 46, f. 8-15. 1888. 
+ See Seaver, F. J. Development of the cup Fungi. Mycologia 8: 195-108. 
pl. 188, 189. 1916. 
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compost after the beds were made and several species of Poria 
were found on the wooden framework in some of the more moist 
houses, but I shall not report on them at this time. 


DEPARTMENT OF BOTANY, 
COLUMBIA UNIVERSITY. 


Description of plates 3-5. 


In PLATEs 3 and 5 the natural sizes of the plants are represented; in PLATE 4 the 
figures are slightly reduced. 


PLATE 3 
Fics. 1-4. Young stages in the development of Panaeolus venenosus Murrill. 
Fics. 5-8. Mature stages of Panaeolus venenosus. 
Fics. 9-11. Stages in the development of Panaeolus retirugis Fr. 


PLATE 4 

Fic. 12. Longitudinal section of a mature carpophore of Panaeolus venenosus 
with a short stipe. 

Fic. 13. Young carpophore of Panaeolus venenosus with a short stipe. 

Fic. 14. The under surface of the pileus of Panaeolus venenosus with a short 
stipe. 

Fics. 15-17. Clusters of Clitocybe dealbata Sow., showing the upper and lower 
surfaces of the pilei. 


Fics. 18-20. Mature stages in the development of Peziza domiciliana Cooke. 


PLATE 5 


Fics. 21-23. Different stages of a fungus that most closely resembies Tricholoma 
melaleucum Quél. 


INDEX TO AMERICAN BOTANICAL LITERATURE 
1911-1918 


The aim of this Index is to include all current botanical literature written by 
Americans, published in America, or based upon American material ; the word Amer- 
ica being used in the broadest sense. 

Reviews, and papers that relate exclusively to forestry, agriculture, horticulture, 
manufactured products of vegetable origin, or laboratory methods are not included, and 
no attempt is made to index the literature of bacteriology. An occasional exception is 
made in favor of some paper appearing in an American periodical which is devoted 
wholly to botany. Reprints are not mentioned unless they differ from the original in 
some important particular. If users of the Index will call the attention of the editor 
to errors or omissions, their kindness will be appreciated. 

This Index is reprinted monthly on cards, and furnished in this form to subscribers 
at the rate of one cent for each card, Selections of cards are not permitted ; each 
subscriber must take all cards published during the term of his subscription, Corre- 
spondence relating to the card issue should be addressed to the Treasurer of the Torrey 
Botanical Club, 


Agrelius, F. U. G. Botanical notes. Trans. Kansas Acad. Sci. 28: 
107-117. 1918. 

Agrelius, F. U. G. Botanical notes, 1917. Trans. Kansas Acad. Sci. 
28: 118-120. 1918. 

Andrews, E. F. Adaptation and natural selection. Bot. Gaz. 66: 
382. 160 1918. 

Andrews, F. M. Anthocyanin of Beta vulgaris. Proc. Indiana Acad. 
Sci. 1917: 167. 1918. 

Andrews, F. M. The effect of centrifugal force on plants. Proc 
Indiana Acad. Sci. 1917: 175. 1918. 

Andrews, F. M. Improved forms of Maximow’s automatic pipette. 
Proc. Indiana Acad. Sci. 1917: 169-173. f. 1-4. 1918. 

Andrews, F. M. Stoppage of a sewer line by roots of Acer Saccharum. 
Proc. Indiana Acad. Sci. 1917: 165. 1918. 

Andrews, F. M. Studies on pollen. Proc. Indiana Acad. Sci. 1917: 
163. 1918. 

Arthur, J. C. Uredinales of Guatemala based on collections by E. W. 
D. Holway.—II. Aecidiaceae, exclusive of Puccinia and form- 
genera. Am. Jour. Bot. §: 420-446. 9 N 1918;—III Puccinia, ex- 
clusive of species on Carduaceae. Am. Jour. Bot. 5: 462-489. 
30 N 1918. 

Includes new species in Ravenelia (5) Uropyxis (1) Skierka (1), Pucciniosira (1), 


Uromyces (3) and Puccinia (11). 
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Ashe, W. W. Additions to the arborescent flora of North Carolina, 
Jour. Elisha Mitchell Sci. Soc. 34: 130-140. S 1918. 

Includes A melanchier austro-montana sp. nov. and many new combinations. 

Bailey, I. W., & Tupper, W. W. Size variation in tracheary cells: I. 
A comparison between the secondary xylems of vascular Crypto- 
gams, Gymnosperms and Angiosperms. Proc. Am. Acad. Arts and 
Sci. §4: 149-204. f. 1-6. 5S 1918. 

Beals, C. C. The effect of aeration on the roots of Zea Mays—l. . 
Proc. Indiana Acad. Sci. 1917: 177-180. f. 1-3. 1918. 

Bicknell, E. P. Aster laevis. Addisonia 3: 47, 48. pl. 104. S 1918. 

Blake, M. A. Distribution of peach yellows in nursery stock. Proc. 
Soc. Hort. Sci. 1910: 46-51. Ap I9gII. 

Blake, M. A. Factors which determine color in the forcing of roses, 
Proc. Soc. Hort. Sci. 1910: 19-27. Ap I9II. 

Britton, N. L.. Byron David Halsted. Jour. N. Y. Bot. Gard. 19: 
221.' 1918. 

Britton, N. L. Opuntia Opuntia. Addisonia 3: 49, 50. pl. 105. S 
1918. 

Brown, E. W. Regeneration in Phegopteris polypodioides. Bull. 
Torrey Club 45: 391-397. f. 1-3. 19 O 1918. 

Brown, W. H. The fungi cultivated by termites in the vicinity of 
Manila and Los Bajos. Philip. Jour. Sci. 13: (Bot.) 223-231. 
pl. 3,4. Jl 1918. 

Cockerell, T. D. A. Notes on the flora of Boulder County, Colorado. 
Torreya 18: 177-183. 29 O 1918. 

Coit, J. E. The brown spot of the navel orange. Proc. Soc. Hort. 
Sci. 1910: 62-67. Ap 

Coker, D. Revision of the North American species of Encalypta. 
Bull. Torrey Club 45: 433-449. pl. 13, 14. 15 N 1918. 

Coker, W. C. A visit to Smith Island. Jour. Elisha Mitchell Sci. 
Soc. 34: 150-153. pl. 10-16. S 1918. 

Cowgill, H. B. Cross-pollination of sugar cane. Jour. Am. Soc. 
Agron. 10: 302-306. N 1918. 

Crandall, C. S. The vitality of pollen. Proc. Soc. Hort. Sci. 1912: 
121-130. Mr 1913. 


Dixon, H. N. Uganda mosses collected by R. Diimmer and others. 
Smithsonian Misc. Col. 69: 1-10. pl. rz. 21 O 1918. 


Eight new species in various genera are described. 
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Dorsey, M. J. The inheritance and permanence of clonal varieties, 
Proc. Am. Soc. Hort. Sci. 1916: 41-71. Mr 1917. 

Dorsey, M. J. ° Sterility in the grape. Proc. Soc. Hort. Sci. 1912: 
149-153. Mr 1913. 

Dudgeon, W. Morphology of Rumex crispus. Bot. Gaz. 66: 393-420. 
pl. 17-19 + f. 1-21. 15 N 1918. 

Dufrenoy, J. Pine needles, their significance and history. Bot. Gaz. 
66: 439-454. f. 1-29. 15 N 1918. 

Dymond, J. R. Seeds. Ottawa Nat. 32: 52, 53. S 1918. 

Ferris, R. S. Taxonomy and distribution of Adenostegia. Bull. 
Torrey Club 45: 399-423. pl. ro-12. 19 O 1918. 


Adenostegia Hanseni, A. parviflora, A. littoralis, A. Helleri, and A. palmata, spp. 
nov., are described. 


Fisher, D. F. Apple powdery mildew and its control in the arid regions 
of the Pacific northwest. U. S. Dept. Agr. Bull. 712: 1-28. pl. 
1-3 +f.1,2. 2901918. 

Fitch, C. L. Field studies of a leafroll disease of potatoes. Proc. Soc. 
Hort. Sci. 1912: 44-51. Mr 1913. 

Fitzpatrick, H. M. The cytology of Eocronartium muscicola. Am. 
Jour. Bot. §: 397-419. pl. 30-32. 9 N 1918. 

Free, E. E. A colloidal hypothesis of protoplasmic permeability. 
Plant World 21: 141-150. Je 1918. 

Fromme, F. D. An automatic spore trap. Phytopathology 8: 542- 
544. f.7. O 1918. 

Gleason, H. A. On the development of two plant associations of 
northern Michigan. Plant World 21: 151-158. Je 1918. 

Goodspeed, T. H. Method of replacing paraffin solvent with paraffin. 
Bot. Gaz. 66: 381, 382. 160 1918. 

Graff, P. W. Philippine Basidiomycetes—III. Bull. Torrey Club 
45: 451-469. pl. 15. 15 N 1918. 

Harper, R. M. The American pitcher-plants. Jour. Elisha Mitchell 
Sci. Soc. 34: 110-125. pl. 2-6. S 1918. 

Harrington, G. T., & Crocker, W. Resistance of seeds to desiccation. 
Jour. Agr. Research 14: 525-532. 16S 1918. 

Hartley, C. Stem lesions caused by excessive heat. Jour. Agr. 
Research 14: 595-604. f. 7. 23 5 1918. 


Harvey, R. B. Hardening process in plants and developments from 
frost injury. Jour. Agr. Research 15: 83-112. pl. 7-11, A. + f. 1-3. 
14 O 1918. 
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Hayes, H. K., & East, E. M. Improvement in corn. Connecticut 
Agr. Exp. Sta. Bull. 168: 1-21. pl. 1-4. Je 1911. 

Hedgcock, G. G., Bethel, E., & Hunt, N. R. Pijion blister-rust. 
Jour. Agr. Research 14: 411-424. pl. 54-57 +f.1. 2S 1918. 

Hedrick, U. P. Natural resistance to disease in fruits. Proc. Soc. 
Hort. Sci. 1912: 106-114. Mr 1913. 

Hedrick, U. P., & Wellington, R. The hereditary transmission of char- 
acters of apples. Proc. Soc. Hort. Sci. 1911: 19-29. F 1912. 

Heimlich, L. F. The trees of White County, Indiana, with some 
reference to those of the state. Proc. Indiana Acad. Sci. 1917: 
388-471. pl. 1-32. 1918. 

Higgins, J. E. Sex in Carica papaya and its relation to breeding 
and cult re. Proc. Soc. Hort. Sci. 1910: 75-78. Ap 1911. 

Hill, A. W. The genus Caltha in the southern hemisphere. Ann. 
Bot. 32: 421-435. f. 1-10. Jl 1918. 

Caltha involuta, C. alata, and C. phylloptera, spp. nov., are described. 

Hodgson, R. W. A sterigmatocystis smut of figs. Phytopathology 
8: 545, 546. O 1918. 

Hoffer, G. N., & Glanasoff, D. Corn-rootrot and wheat scab. Jour. 
Agr. Research 14: 611, 612. 23S 1918. 

Preliminary paper. 

Holmes, J. S. Extension of the range of Prunus umbellata into North 
Carolina. Jour. Elisha Mitchell Sci. Soc. 34: 126-129. pl. 7, 8. 
S 1918. 

Hotson, J. W. Sphagnum as a surgical dressing. Jour. Am. Peat 
Soc. 11: 195-226. f. 1-18. O 1918. 

Howard, W. L. The rest period in plants. Proc. Soc. Hort. Sci. 
1910: 33-46. Ap IgII. 

Howe, M. A. Calcareous algae from Murray Island, Australia, and 
Cocos-Keeling Islands. Papers Dep. Mar. Biol. Carnegie Inst. 
Washington 9: 291-296. pl. 97, f. 2; pl. 98. 16 Au 1918. 

Carnegie Inst. Washington Publ. no. 213. 

Jackson, H. S. The Uredinales of Delaware. Proc. Indiana Acad. 

Sci. 1917: 311-385. 1918. 


Jackson, H. S. . The Uredinales of Indiana—II. Proc. Indiana Acad. 
Sci. 1917: 133-137. 1918. 

Jackson, H. S. The Ustilaginales of Indiana. Proc. Indiana Acad. 
Sci. 1917: 119-132. 1918. 
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Johnston, J. R. Algunos Hongos entomogenos de Cuba. Mem. Soc. 
Cubana Hist. Nat. “‘ Felipe Poey”’ 3: 61-82. pl. 1,2. 1918. 

Includes Spicaria aleyrodis and Torrubiella lecanii, spp., nov. 

Johnston, J. R., & Bruner, S. C. Enfermedades des naranjo y otras 
plantas citricas. Cuba Est. Exp. Agron. Bull. 38: 1-54. pl. 1-15. 
Au 1918. 

Jones, D. H. Bacteria—friends and foes. Ontario Dept. Agr. Bull. 
265: 1-99. Ausg18._ [Illust.] 


Includes chapters on bacterial diseases of plants and bacteria of the soil and 
manure pile. 


Knowlton, C. H., Ripley, W. S., & Weatherby, C. A. Preliminary lists 
of New England plants;—X XVI. Rhodora 20: 182-185. 11 N 
1918. 

Kunkel, L. O. Tissue invasion by Plasmodiophora brassicae. Jour. 
Agr. Research 14: 543-572. pl. 61-80 +f. 1,2. 1918. 

Long, B. Eragrostis peregrina a frequent plant about Philadelphia. 
Rhodora 20: 173-180. 11 N 1918. 

MacCaughey, V. The Hawaiian sumach. Neneleau; Rhus semialata 
var. sandwicensis Engler. Torreya 18: 183-188. 29 O 1918. 

Mackenzie, K. K. Charles Keene Dodge. Torreya 18: 188-190. 
29 O 1918. 

Mann, A. Diatoms from Murray Island, Australia. Papers Dep. 
Mar. Biol. Carnegie Inst. Washington 9g: 297. 16 Au 1918. 

Carnegie Inst. Washington Publ. 213. 

McClintock, J. A. <A disease of coldframe parsley caused by Sclerotinia 
libertiana. Virginia Crop* Exp. Sta. Bull. 18: 379-384. f. 84-86. 
I Ja 1916. 

McMurran, S. M. Preventing wood rot in pecan trees. U.S. Dept. 
Agr. Farm. Bull. 995: 1-8. f. r-ro. Jl 1918. 

McNaught, J. B. The algae of Kansas reservoirs. Trans. Kansas 
Acad. Sci. 28: 121-128. 1918. 

McWharf, J. M. Echinacea: its combination and use. Trans. Kansas 
Acad. Sci. 28: 179-180. 1918. 

Markle, M.S. A comparison of the plant succession on Hudson River 
limestone with that on Niagara limestone, near Richmond, Indiana, 
Proc. Indiana Acad. Sci. 1917: 109-113. 1918. 


Markle, M. S. Notes on microscopic technique. Proc. Indiana 
Acad. Sci. 1917: 115-117. 1918.  [Illust.] 


Nash, G. V. Callicarpa japonica. Addisonia 3: 45. pl. 103. S 1918. 
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Nash, G. V. Cornus mas. Addisonia 3: 41. pl. ror. S 1918. 

Nash, G. V. Crassula portulacea. Addisonia 3: 57. pl. 109. S 1918. 

Nash, G.V. Ilex serrata argutidens. Addisonia 3:51. pl. 106. S 1918. 

Nash, G. V. Magnolia kobus. Addisonia 3: 55, 56. pl. 108. S 1918. 

Nash, G. V. Othonna crassifolia. Addisonia 3: 53. pl. 107. S 1918. 

Nelson, J. C. Notes on the flora of Lake Labish, Oregon. Torreya 
18: 191-195. 29 O 1918. 

Nichols, G. E. The sphagnum moss and its use in surgical dressings. 
Jour. N. Y. Bot. Gard. 19: 203-220. pl. 216-218. S 1918. 

Norton, J. B. S. Some unusual tomato variations. Proc. Soc. Hort. 
Sci. 1910: 71-75. Ap IgII. 

Nothnagel, M. Resistance of Mucorzygotes. Proc. Indiana Acad. 
Sci. 1917: 181-187. 1918. 

Noyes, H. A.. Reaction of culture media. Proc. Indiana Acad. Sci. 
1917: 149-162. 1918. 

Noyes, H. A., Trost, J. F., & Yoder, L. Root variations induced by 
carbon dioxide gas additions to soil. Bot. Gaz. 66: 364-373. f. 1-9. 
16 O 1918. 

Osner, G. A. Additions to the list of plant diseases of economic im- 
portance in Indiana. Proc. Indiana Acad. Sci. 1917: 145-147. 
1918. 

Ottley, A. M. A contribution to the life history of Impatiens Sultani. 
Bot. Gaz. 66: 289-317. pl. 14, 15. 16 O 1918. 

Pammel, L. H. Prickly lettuce. Rhodora 20: 180, 181. O 1918. 

Pfeiffer, N. E. The sporangia of Thismia americana. Bot. Gaz. 66: 
354-363. pl. 16. 160 1918. 

Pipal, F. J. A suspected case of stock poisoning by wild onion (Allium 
canadense). Proc. Indiana Acad. Sci. 1917: 139-143. 1918. 
[Illust.] 

Price, H. L. Some results of cabbage crosses. Proc. Soc. Hort. Sci. 
1910: 53-60. Ap I9gII. 

Reddick, D., & Stewart, V. B. Varieties of beans susceptible to mo- 
saic. Phytopathology 8: 530-534. O 1918. 


Reed, H. S. Absorption of sodium and calcium by wheat seedlings. 
Bot. Gaz. 66: 374-380. f. 7. 16 O 1918. 

Reimer, F.C. Self-sterility of rotundifolia grapes. Proc. Soc. Hort. 
Sci. 1910: 27-32. Ap 

Reynolds, E. S. Two tomato diseases. Phytopathology 8: 535-542. 
f.1,2. O 10918. 
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Robinson, B. L. A descriptive revision of the Colombian Eupatoriums. 
Proc. Am. Acad. Art. & Sci. 54: 264-330. 8 O 1918. 

Robinson, B. L. Diagnoses and notes relating to tropical American 
Eupatorieae. Proc. Am. Acad. Arts & Sci. §4: 235-263. 8O 1918. 
New species are described in Eupatorium (37), Fleischmannia (1) and Kuhnia (1). 

Robinson, B. L. Keyed recensions of the Eupatoriums of Venezuela 
and Ecuador. Proc. Am. Acad. Arts & Sci. 54: 331-367. 801918. 

Rolfs, P. H., & Fawcett, H.S. Fungus diseases of scale insects and 
white fly. Florida Agr. Exp. Sta. 119: 71-82. f. 14-31. N 1913. 

Rusby, H. H. Viburnum prunifolium. Addisonia 3: 59. pl. I70. 
S 1918. 


Sampson, A. W. Climate and plant growth in certain vegetative asso- 
ciations. U.S. Dept. Agr. Bull. 700: 1-72. f. 1-37. 140 1918. 
Sargent, C. S. Notes on North American trees—III. Tilia. Bot. 
Gaz. 66: 421-438. 15 N 1918. 
Five new species and 7 varieties are described. 

Shaw, W. R. Some microtechnical methods and devices. Philip. 
Jour. Sci. 13: (Bot.) 241-261. f. 1-5. Jl 1918. 

Schneider, C. Notes on American willows—II. The species related 
to Salix glauca L. Bot. Gaz. 66: 318-353. 160 1918. 


Includes Salix fullertonensis, S. anamesa, spp. nov., and several new varieties and 
combinations. 


Shufeldt, R. W. Lion's foot, the jewel weeds, and other autumn 
plants. Am. Forestry 24: 603-609. f. 7-12. O 1918. 

Small, J. K. Solidago squarrosa. Addisonia 3: 43, 44. pl. 102. S 
1918. 

Stevens, F. L., Ruth, W."A., & Spooner, C.S. Pear blight wind borne. 
Science II. 48: 449, 450. 1 N 1918. 

Stevens, O. A. The flora of North Dakota. Science II. 48: 448, 449. 
1 N 1918. 

Stewart, J. P. Factors influencing yield, color, size and growth in 
apples. Proc. Soc. Hort. Sci. 1911: 66-78. F 1912. 

Thaxter, R. Extra-American dipterophilous Laboulbeniales. Proc. 
Am. Acad. Arts & Sci. 53: 697-749. Jl 1918. 
Includes new species in Dimeromyces (3), Laboulbenia (8), Rhizomyces (5), 

Ilytheomyces (4), and Stigmatomyces (28). 

Thaxter, R. New Laboulbeniales from Chile and New Zealand. 
Proc. Am. Acad. Arts. & Sci. 54: 207-232. S 1918. 
Includes Diandromyces and Eudimeromyces, gen. nov., and 23 new species in 

various genera. 
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Tidestrom, I. Tsuga canadensis (L.) Carr. Rhodora 20: 185-188. 
11 N rg18. 

Tottingham, W. E. The sulfur requirement of the red clover plant. 
Jour. Biol. Chem. 36: 429-438. pl. 1. N 1918. 

Trelease, W. The ancient oaks of America. Brooklyn Bot. Gard. 
Mem. 1: 492-501. pl. 13-22. 6 Jl 1918. 

Trowbridge, C. C., & Weil, M. The coefficient of expansion of living 
tree trunks. Science II. 48: 348-350. 40 1918. 

True, R. H. Joseph Young Bergen. Bot. Gaz. 66: 455-458. 15 N 
1918. [Portrait.] 

True, R. H., & Harvey, R.B. The absorption of calcium salts by squash 
seedlings. Brooklyn Bot. Gard. Mem. 1: 502-512. f. 1-3. 6 Jl 
1918. 

Vries, H. de. Kreuzungen von Oenothera Lamarckiana mut. velutina. 
Zeits. Induk. Abst. Vererbungslehre 19: 1-38. Mr 1918. 

Vries, H. de. Twin hybrids of Oenothera Hookeri T. and G. Genetics 
3: 397-421. S 1918. 

Walker, R.S. The liberty-oil plant. Am. Forestry 24: 612-614. O 
1918. 

Weatherwax, P. Improved technique for corn pollination. Proc. 
Indiana Acad. Sci. 1917: 105-107. f. 7, 2. 1918. 

Weatherwax, P. Variation and varieties of Zea Mays. Proc. Indiana 
Acad. Sci. 1917: 99-103. 1918. 

Wellington, R. Raspberry breeding. Proc. Soc. Hort. Sci. 1912: 
155-159. Mr 1913. 

Wernham, H. F. Tropical American Rubiaceae—X. Jour. Bot. 55: 
336-341. 1917;—X. The genus Manettia. Jour. Bot. 56: (Suppl.) 
1-8. S 1918. 

Includes description of six new species in Psychotria (2) and Palicourea (4). 

White, O. E. Inheritance studies on castor beans. Brooklyn Bot. 
Gard. Mem. 1: 513-521. pl. 23-28. 6 Jl 1918. 

Wieland, G. R. A study of some American fossil Cycads. Part VIII. 
Notes on young floral structures. Am. Jour. Sci. 46: 645-650. f. I. 
N 1918. 

Wilson, O. T. A storage fermentation of dasheens. Phytopathology 
8: 547-549. f. 1. O 1918. 


Wolfe, J. J. Alternation and parthenogenesis in Padina. Jour. 
Elisha Mitchell Sci. Soc. 34: 78-109. pl. r. S 1918. 
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